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(57) A high-strength fiber having an intrinsic viscos- 
ity of 5 or higher, a strength of 20 g/d or higher, a mod- 
ulus of 500 g/d or higher, and dynamic viscoelasticity in 
which the y dispersion loss modulus peak temperature 
is 100 degrees or lower and the loss tangent is 0.03 or 
lower. This fiber, which changes little in material proper- 
ties with changing temperature and has excellent ordi- 
nary-temperature mechanical properties, can be effi- 
ciently provided by stretching a fiber spun from a 5 to 



80 % solvent solution of a mixture comprising 99 to 50 
parts by weight of a high-molecular polyethylene poly- 
mer A having an intrinsic viscosity of 5 or higher and a 
weight-average molecular weight/number-average mo- 
lecular weight ratio of 4 or lower and I to 50 parts by 
weight of an ultrahigh-molecular polymer B having an 
intrinsic viscosity at least 1 .2 times that of the polymer A. 
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Description 

Technical field 

5 [0001] The present invention relates to high-strength polyethylene fibres which can be used in a wide range of fields, 
as various ropes, fishing lines, netting and sheeting for engineering, construction and the like, cloth and nonwoven 
cloth for chemical filters and separators, sportswear and protective clothing such as bulletproof vests, or as reinforcing 
material for composites for sport, impact-resistant composites and helmets, and particularly as various industrial ma- 
terials used at from extremely low temperatures to room temperature; where the performance of said fibres, particularly 

10 the mechanical properties such as strength and elastic modulus, undergo little variation with temperature during use 
in environments subject to large changes in temperature; and the present invention relates to a method for producing 
said fibres sufficiently quickly industrially. 

Background technology 

15 

[0002] In recent years, active attempts have been made to obtain high-strength, high-elastic modulus fibres from 
ultrahigh molecular weight polyethylene starting material, and extremely high strength/elastic modulus fibres have been 
reported. For example, Japanese Unexamined Patent Application S56-1 5408 discloses a technique known as the "gel 
spinning method", where gel-like fibres obtained by dissolving ultrahigh molecular weight polyethylene in solvent are 

20 drawn to a high draw ratio. 

[0003] It is known that the high strength polyethylene fibres obtained by the "gel spinning method" are very high in 
strength and elastic modulus as organic fibres, and are also highly superior in terms of impact resistance, and these 
fibres are being evermore widely used in various fields. The abovementioned Japanese Unexamined Patent Application 
No. S56-15408 discloses that it is possible to provide a material having extremely high strength and elastic modulus, 

25 jn order to obtain such high strength fibres. However, it is known that high strength polyethylene fibres undergo major 
changes in performance with temperature. For example, measuring the tensile strength while varying the temperature 
from about -160°C reveals a gradual decrease as the temperature increases, and that decrease in performance is 
particularly marked at from -120°C to around -100°C. With regard to temperature-related performance, then, it is an- 
ticipated that the performance of conventional high-strength polyethylene fibres could be considerably improved if their 

30 physical properties at extremely low temperatures could be maintained at room temperature. 

[0004] Conventional attempts to control changes in the mechanical properties of high-strength polyethylene fibres 
due to changes in temperature include an attempt to improve the vibration absorption at temperatures not greater than 
-100°C (referred to as the extremely low temperature region) by using a suitable ultrahigh molecular weight polyeth- 
ylene starting material of a specific molecular weight and keeping the molecular weight of the resulting fibres within a 

35 suitable range, as disclosed in Japanese Unexamined Patent Application No. H7-1 66414, but, fundamentally, that 
technique increases the mechanical dispersion at extremely low temperature. Specifically, it attempts to increase the 
variation in elastic modulus, whereas the present invention aims to lessen the deterioration in mechanical properties. 
[0005] Japanese Unexamined Patent Application Nos. H 1-1 56508 and H 1-1 6281 6 disclose attempts to reduce the 
creep in high-strength polyethylene fibres by means such as ultraviolet irradiation and peroxides, in the abovemen- 

40 tioned gel spinning method. It is noted that, fundamentally, this does decrease the mechanical dispersion in y dispersion 
as described above, which is described in the present invention as desirable, but both inventions aim to improve the 
creep of high-strength polyethylene fibres, but do not decrease the variation in mechanical properties due to changes 
in temperature. Specifically, if the relaxation strength in the y dispersion is smaller, the temperature at which the relax- 
ation occurs is usually shifted higher, and so as it is desirable in the present invention to decrease the variation in 

45 mechanical properties that occur on changes in temperature, that is, to shift the y dispersion temperature to a lower 
temperature, the conventional methods are contrary to the aim of the present invention. 

[0006] Specifically, it is suggested that having a small ydispersion value for y dispersion temperatures in the range 
no greater than -100°C, as relaxation strength, while keeping the temperature region therefor at very low temperatures 
allows the good physical properties (especially strength) seen in the very low temperature region to be maintained 

50 without relaxation even for long periods at temperatures around room temperature, and such fibres would be extremely 
useful industrially. Fibres having such novel properties could, as described below, be substituted for conventional high- 
strength polyethylene fibres with no loss of the fundamental merits which said conventional fibres should have; more- 
over, as they are high-strength fibres, it is anticipated that they could also be drawn at extremely high speed during 
production processes and particularly during drawing processes. That is to say, this also has industrial significance as 

55 a novel production method which can yield high-strength polyethylene fibres of excellent performance at higher pro- 
ductivity. 

[0007] In view of the situation described above, the present invention aims to provide high-strength polyethylene 
fibres characterized in that they have excellent mechanical properties at normal temperatures, and in that the mechan- 
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ical properties such as strength and elasticity modulus seen on wide temperature variation, particularly in the liquid 
nitrogen temperature region, are maintained at a high level even at room temperature; and a novel production method 
therefor. 

Disclosure of the invention 

[0008] The first invention of the present invention provides high-strength polyethylene fibres characterized in that 
they are polyethylene fibres comprising mainly ethylene component having an intrinsic viscosity [r\], when fibrous, of 
no less than 5, and have a strength of no less than 20 g/d and an elasticity modulus of no less than 500 g/d, and, in 
the measurement of the temperature variance of the dynamic viscoelasticity of the fibres, the y dispersion loss modulus 
peak temperature is no greater than -110°C and the loss tangent (tan 8) is no greater than 0.03. 
[0009] The second invention of the present invention provides high-strength polyethylene fibres according to Claim 
1, characterized in that, in the measurement of the temperature variance of the dynamic viscoelasticity of the fibres, 
the y dispersion loss modulus peak temperature is no greater than -115°C. 

[0010] The third invention of the present invention provides high-strength polyethylene fibres according to Claim 1 , 
characterized in that, in the measurement of the temperature variance of the dynamic viscoelasticity of the fibres, the 
y dispersion loss tangent (tan 8) is no greater than 0.02. 

[0011] The fourth invention of the present invention provides high-strength polyethylene fibres according to Claim 
1 , characterized in that, in the measurement of the temperature variance of the dynamic viscoelasticity of the fibres, 
the crystalline a dispersion loss modulus peak temperature is no less than 100°C. 

[0012] The fifth invention of the present invention provides high-strength polyethylene fibres according to Claim 1 , 
characterized in that, in the measurement of the temperature variance of the dynamic viscoelasticity of the fibres, the 
crystalline a dispersion loss modulus peak temperature is no less than 105°C. 

[0013] The sixth invention of the present invention provides high-strength polyethylene fibres according to Claim 1 , 
characterized in that they have a strength of no less than 25 g/d and an elasticity modulus of no less than 800 g/d. 
[0014] The seventh invention of the present invention provides high-strength polyethylene fibres according to Claim 
1 , characterized in that they have a strength of no less than 35 g/d and an elasticity modulus of no less than 1200 g/d. 
[0015] The eighth invention of the present invention provides a method for producing high-strength polyethylene 
fibres, characterized in that a polymerization mixture comprising from 99 to 50 parts by weight of (A) and from 1 to 50 
parts by weight of (B), where (A) is high molecular weight polymer comprising mainly ethylene component and having 
a weight average molecular weight to number average molecular weight ratio (Mw/Mn) of no greater than 4 and an 
intrinsic viscosity [r|] of no less than 5, and (B) is an ultrahigh molecular weight polymer having an intrinsic viscosity at 
least 1.2 times that of high molecular weight polymer (A), is dissolved in solvent to a concentration of from 5% by 
weight to 80% by weight, then spun and drawn. 

[001 6] The ninth invention of the present invention provides a method for producing high-strength polyethylene fibres 
according to Claim 8, characterized in that the high molecular weight polymer (A) is a polyethylene polymer comprising 
mainly ethylene component having a weight average molecular weight to number average molecular weight ratio (Mw/ 
Mn) of no greater than 2.5 and an intrinsic viscosity fq] of from 10 to 40. 

[0017] The tenth invention of the present invention provides a method for producing high-strength polyethylene fibres 
according to Claim 8, characterized in that the average intrinsic viscosity [ri]M of the polymerization mixture is no less 
than 10 and the intrinsic viscosity [r\]F of the resulting fibres satisfies the formula below 

0.6 X [r\]M < [t^JF < 0.9 X [Tj]M 

[0018] The eleventh invention of the present invention provides a method for producing high-strength polyethylene 
fibres according to Claim 8, characterized in that the intrinsic viscosity [ii]F of the resulting fibres satisfies the formula 
below 

0.7 x [-nJM < [t]]F < 0.9 x [ti]M 
[0019] The working mode of the present invention is described below. 

[0020] The high molecular weight polyethylene of the present invention is characterized in that its repeat unit is 
essentially ethylene, although it may be a copolymer thereof with small amounts of other monomers such as ct-olefin, 
acrylic acid or derivatives thereof, methacrylic acid or derivatives thereof or vinyl silane or derivatives thereof, or it may 
be a copolymer with these, or a copolymer with ethylene homopolymer, or it may be a blend with homopolymers of 
other a-olefins and the like. The use of a copolymer with an cc-olefin such as propylene or butene-1 is particularly 
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preferred in that a degree of short or long chain branching imparts stability during the production of these fibres, par- 
ticularly during spinning and drawing. However, too high a content of components other than ethylene has an adverse 
effect on drawing, and so in order to obtain fibres of high strength and high elasticity modulus, the monomer unit content 
should be no greater than 5 mol%, and is preferably no greater than 1 mol%. Obviously, homopolymer comprising 
ethylene alone may be used. 

[0021] The characterizing feature of the present invention is, in essence, the provision of fibres characterized in that, 
in the temperature variance of the dynamic viscoelasticity properties measured when fibrous, the -ydispersion loss 
modulus peak temperature is no greater than -110°C, preferably no greater than -115°C, and the value of the loss 
tangent thereof (tan 8) is no greater than 0.03, preferably no greater than 0.02, and that the crystalline a dispersion 
loss modulus peak temperature is not less than 100°C, preferably not less than 105°C. The present invention also 
provides a method for obtaining fibres having these properties, that is, a method for producing high-strength polyeth- 
ylene capable of essentially high speed drawing, at far higher productivity than conventional methods for producing 
the same kind of fibres. 

[0022] The decrease in the temperature-dependent variation in the properties of the inventive fibres, particularly the 
excellent mechanical properties (particularly strength) at room temperature, can be defined in terms of the fibres' dy- 
namic viscoelastic crystalline a dispersion peak temperature and y dispersion peak temperature. Specifically, a marked 
decrease in elasticity modulus is usually seen in the temperature region in which mechanical dispersion occurs. In the 
case of high-strength polyethylene fibres, y dispersion is usually observed around -100°C. At and beyond the limits of 
this y dispersion, the physical values of polyethylene decrease markedly as the temperature is increased towards room 
temperature. For example, polyethylene fibres which are very strong (4 GPa) in an extremely low temperature atmos- 
phere obtained using liquid nitrogen or the like (approximately -160°C) are less strong (their strength decreases to 
approximately 3 GPa) when measured at room temperature. Such an effect is obviously undesirable in products which 
involve the use of said fibres in wide temperature ranges, and it is thought that if this phenomenon could be improved 
upon, it would be possible to drastically improve strength at room temperature. 

[0023] Moreover, high-strength polyethylene fibres exhibit a crystalline a dispersion at around 85°C, and even in this 
temperature region there is considerable variation in elastic modulus and strength, which is undesirable for various 
products. Accordingly, in order to allow a certain margin, the temperature range for the use of these fibres is usually 
decided by setting a temperature range between the y dispersion temperature and the crystalline ccdispersion temper- 
ature. 

[0024] The lowering of the y dispersion temperature and the raising of the crystalline ccdispersion temperature is 
therefore highly significant in that it widens the abovementioned temperature range for use. 

[0025] The y dispersion is the first point scrutinized when aiming to develop new fibres based on this ideal design, 
and it is known that this y dispersion originates from local defects at side chains, terminals and the like in the molecules 
which make up the fibres. Decreasing the number of defects would decrease the ydispersion relaxation strength (that 
is, the loss tangent (tan 5)), but this would usually result in a more perfect fibre-fine structure, and so the temperature 
at which y dispersion occurs would automatically shift to a higher temperature. Moreover, the crystalline a dispersion 
peak temperature in the present fibres is very high (at least 100°C or more, preferably 105°C or more) compared to 
that of conventional high-strength polyethylene fibres obtained by the abovementioned means such as drawing (which 
is at most 95°C). Furthermore, even if the abovementioned fibres which have a high crystalline ccdispersion are ex- 
cluded, it is difficult to achieve a temperature lower than -110°C in ydispersion for highly crystalline fibres which usually 
have a crystalline oc dispersion temperature of at least 90°C. Some fibres, for example those having a crystalline a 
dispersion temperature of around 85°C, do exhibit ydispersion temperatures at or lower than -110°C, but this is because 
their fibre structure has become more amorphous, and such fibres are clearly distinguishable from the novel fibres 
targeted by the present invention, which have a high crystallinity (a high crystalline a dispersion temperature) and a 
low y dispersion temperature. 

[0026] Contrary to conventional technology, it is absolutely impossible to decrease the relaxation strength while the 
y dispersion peak temperature is kept low. Given conventional common-sense, it is extremely surprising that the y 
dispersion peak temperature in the fibres provided by the present invention is kept very low and that the value thereof 
is extremely small. 

[0027] The means for obtaining the fibres of the present invention is necessarily a novel and cautious method. More- 
over, the means described below provides high-strength polyethylene fibres of the present invention which also have 
the general characteristics of conventional high-strength polyethylene and so said means is also valuable industrially 
as a novel production method for these which achieves very high productivity. 

[0028] The fibres of the present invention are obtained efficiently in practice by the abovementioned "gel spinning 
method", although provided that ultrahigh molecular weight polyethylene is moulded to yield known high-strength pol- 
yethylene fibres, any standard spinning technique may be used. The starting material polymer is of first importance in 
the present invention. 

[0029] Specifically, the present invention recommends the use of a polymerization mixture of at least two types of 
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ultrahigh molecular weight polyethylene, comprising from 99 to 50 parts by weight of (A) and from 1 to 50 parts by 
weight of (B), where (A) is high molecular weight polymer comprising mainly ethylene component having a weight 
average molecular weight to number average molecular weight ratio (Mw/Mn) of no greater than 4 and an intrinsic 
viscosity ft] of no less than 5, and (B) is an ultrahigh molecular weight polymer having an intrinsic viscosity at least 
5 1 .2 times that of high molecular weight polymer (A). Above all, polymer (A) should have an intrinsic viscosity of no less 
than 5, preferably no less than 10, but not more than 40, and the Mw/Mn of the polymer, measured by GPC (gel 
permeation chromatography), should be no greater than 4, preferably no greater than 3, and more preferably no greater 
than 2.5. 

[0030] First, in order to achieve the inventive low value for the y dispersion temperature, it is necessary to select a 
10 substance with as few defects as possible on the branches, terminals and the like, and so the degree of polymerization 
of the main polymer (A) is important, and if the intrinsic viscosity is less than 5, the molecular terminals increase 
considerably and the y dispersion tan 5 value increases. If it exceeds 40, however, the viscosity of the solution becomes 
too great during spinning and spinning becomes difficult Here, the average molecular weight (which represents intrinsic 
viscosity) and the distribution thereof, that is, the molecular weight distribution, are very important, and the Mw/Mn 
15 (measured by GPC) is preferably no greater than 4. By using a starting material which has an ultrahigh molecular 
weight and has a relatively uniform molecular weight distribution, it is easy to maintain a low y dispersion temperature 
and have a low tan 5 value thereof. 

[0031] The reason for this is not well understood, although it is speculated that when the molecular chain is made 
uniform, crystals (thought to be formed by the extending of the chains) cause the molecules to line up and become 

20 oriented, and so there are very few molecular terminals in the crystalline region, and the molecular terminals collect 
and remain in the so-called amorphous region. That is, it is speculated that the crystalline region, which makes up 
most of the inventive fibre structure, becomes more perfectly crystalline, with fewer defects, and the components such 
as molecular terminals concentrate in the amorphous region. This corresponds with the scientifically known fact that 
if the crystalline region contains many defects (which dictate the y dispersion), the peak temperature will shift to a 

25 higher temperature, and with the fact that there are few local regions of molecular terminals and the like in the crystalline 
part of fibres of the present invention. As the main structure of the inventive fibres is a crystalline structure comprising 
extended chains, it is thought that the molecular terminals concentrate in the amorphous part and do not particularly 
affect physical properties, although this is a hypothesis contrived to explain the effects of the present invention and is 
not certain. 

30 [0032] Thus by merely using an ultrahigh molecular weight polyethylene polymer having an extremely narrow mo- 
lecular weight distribution in a common spinning method, stable discharge cannot be achieved during spinning because 
the molecular weight distribution of the starting material polymer is very narrow, and the discharged solution has almost 
no extendability and so moulding it is impossible in practice. The molecular weight distribution Mw/Mn should at least 
be greater than 4 when an abovementioned polymer is supplied to a conventional gel spinning method. An example 
35 of an attempt to use such a low molecular weight polymer is disclosed in Japanese Unexamined Patent Application 
No. H9-291415, wherein high strength, high elasticity modulus fibres are obtained using an ultrahigh molecular weight 
polyethylene-based polymer that is prepared using a special catalyst and has a viscosity average molecular weight of 
no less than 300,000 and an Mw/Mn ratio of no greater than 3. According to said publication, the technique disclosed 
therein is commonly employed, rather than the gel spinning method which is commonly used to produce high-strength 
polyethylene fibres; said disclosed technique involves a combination of solid phase extrusion and gel extension using 
a dry simple crystal aggregate reagent, where said simple crystal aggregate is obtained by dissolving polymer to a 
dilute solution of a concentration of no more than 0.2 wt% , and technology involving the use of a simple crystal aggregate 
is also disclosed in the working example. As shown in this example, it is extremely difficult to perform spinning and 
drawing processes using the low Mw/Mn polymer of the conventional gel spinning method. Needless to say, the general 
properties and physical properties of the gel drawn films made from the very dilute solutions disclosed in said publication 
are different from those of the novel fibres provided by the present invention. 
[0033] The reason why it is difficult to mould such polymers having a very narrow molecular weight distribution is 
perhaps that the intertwining of molecular chains is drastically reduced as a result of the narrow molecular weight 
distribution, and so the stress required to deform the molecular chains during spinning and drawing cannot be uniformly 
50 transmitted, although this is merely speculation. With this in mind, diligent research was performed into improving 
conventional technology, and the present invention was achieved on discovering that the use of a mixture comprising 
from 99 to 50 parts by weight of polymer (A) (main component) and from 1 to 50 parts by weight of ultrahigh molecular 
weight polymer (B) having an intrinsic viscosity that is at least 1 .2 times that of polymer (A) greatly facilitates spinnability 
(facilitates take-up when the solution discharged from the spinneret is drawn) and drawing, and markedly improves 
55 drawing speed, and the resulting fibres have the required properties described above, that is, the ^dispersion temper- 
ature is low and tan 5 is low. Furthermore, in the present invention, by using a mixture in which the average intrinsic 
viscosity [ti]M of the polymers therein is not less than 10, and by dissolving the polymer in solvent so that it comprises 
from 5% by weight to 80% by weight of the total, and spinning and drawing under production conditions so that the 
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intrinsic viscosity [r\]F of the resulting fibres satisfies the equation below, it is possible to obtain fibres having physical 
properties that are remarkably close to those desired: 



5 0.6 X [r\]M < [ti]F < 0.9 X [r|]M 

preferably, 

10 0.7 x [i!]M < [t\]F < 0.9 X [r\]fj[ 

[0034] It is not certain how this relationship between the molecular weight of the starting material polymers and the 
resulting fibres affects the physical properties of the fibres, but if the intrinsic viscosity fnJF of the fibres exceeds 90% 
of [ii]M, the two different molecular weight polymers do not uniformly mix and extendability is extremely poor, whereas 
15 if [r\]f is less than 70% of [ti]M, mixing two polymers has almost no effect and it is only possible to achieve more or 
less the same physical properties as seen in high strength polyethylene fibres in which the molecular weight distribution 
is as wide as usual. A large difference between the degree of polymerization of the resulting fibres and the starting 
material polymer means that the molecular chains break during processing, and the molecular weight distribution has 
to be somehow readjusted. It has been suggested that at this time the polymer of high molecular weight within the 
20 mixture often deteriorates more, and that by adjusting the molecular weight distribution of the whole so that this high 
molecular weight matter is incorporated in the low molecular weight matter molecular weight distribution region, a 
smoother molecular sequence is obtained, and, as the residual high molecular weight component fulfils its role of 
spreading tension during moulding, both mouldability and workability during spinning and drawing are achieved, al- 
though this is speculation and has not been confirmed. 
25 [0035] Fibres obtained by the abovementioned methods have an intrinsic viscosity [ti]F, when fibrous, of no less than 
5, preferably from 10 to 40, a strength of no less than 20 g/d, preferably no less than 25 g/d, and more preferably no 
less than 35 g/d, and an elastic modulus of no less than 500 g/d, preferably no less than 800 g/d, more preferably no 
less than 1200 g/d, and, as a result of synergistic effects with mechanical dispersion properties as described above, 
it is possible to provide polyethylene fibres of excellent properties for practical use, which are not known conventionally. 
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Optimum mode of the present invention 



[0036] The present invention is described below by means of working examples, but the present invention is not 
limited to these. 

35 [0037] The measurement methods and measurement conditions for the property values in the present invention are 
described first. 

Dynamic viscoelasticity measurement 

40 [0038] In the present invention, dynamic viscosity was measured using a Rheoviblon DDV-01FP, manufactured by 
Orientec. The fibres as a whole were divided or doubled to have 100 denier ± 10 denier, and while the respective fibres 
were arranged as uniformly as possible, both the terminals of the fibres were enclosed with aluminium foils such that 
the measurement length (distance between the chuck ends) was 20 mm, and the fibres were adhesive-bonded with a 
cellulose type adhesive. The length of the margin left for applying the adhesive was made around 5 mm to allow fixing 

45 of the chuck. Each test sample was set carefully on the chuck at an initial width of 20 mm to prevent the strand from 
being entwined or twisted around it, then the fibres were subjected to preliminary deformation for a few seconds at a 
temperature of 60°C and a frequency of 110 Hz. In this experiment, the temperature distribution was determined at a 
frequency of 110 Hz in the range of from -150°C to 150°C, increasing the temperature from -150°C at a rate of ap- 
proximately 1 °C/min. During measurement, the stationary load was set at 5 gf and the sample length was automatically 

50 controlled to prevent the fibres from loosening. The dynamic deformation amplitude was set at 15nm. 

Strength/elastic modulus 

[0039] In the present invention, the strength and elastic modulus of a 200 mm-long sample were determined using 
55 Tensilon, manufactured by Orientec, at a draw rate of 100%/min, and the distortion-stress curve was obtained at an 
atmospheric temperature of 20°C and 65% relative humidity; the stress (g/d) at the break point in the curve was de- 
termined, and the elastic modulus (g/d) was calculated from the tangent of the line giving the maximum slope in the 
vicinity of the origin of the curve. Each value was the average of 10 measurements. 
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Intrinsic viscosity 

[0040] The relative viscosities of various dilute solutions in decalin at 135°C were measured using an Ubbellohde 
type capillary viscosity tube, and the intrinsic viscosity was determined from the extrapolation point towards the origin 
5 of the straight line obtained by least square approximation of plots of viscosities against concentration. For these 
measurements, if the starting material polymer was powdery it was used in that form without further modification, 
whereas in the case of lumpy powder or fibrous samples, solutions for measurement were prepared by dividing or 
cutting the samples to approximately 5 mm in length, adding antioxidant (Yoshinox BHT, manufactured by Yoshitomi 
Seiyaku) at 1 wt% with respect to the polymer, then dissolving with agitation for 4 hours at 135?C. 

10 

Molecular weight distribution measurement 

[0041] For this patent, Mw/Mn was measured by the gel permeation chromatography method. Measurements were 
made at a temperature of 145°C using a 150C ALC/GPC instrument manufactured by Waters, and GMHXL series 
* 5 column manufactured by Tosoh (K.K.). The calibration curve for the molecular weight was obtained using a polystyrene 
high molecular weight calibration kit manufactured by Polymer Laboratories. The sample solutions used were obtained 
by dissolving in trichlorobenzerie to 0.02 wt%, adding antioxidant (Irgafos 168, manufactured by Ciba Geigy) at 0.2 
wt% of the polymer, then dissolving for approximately 8 hours at 140°C. 
[0042] The present invention is described in detail below. 

20 

Working Example 1 

[0043] A powder mixture comprising 99 parts of homopolymer (A) of ultrahigh molecular weight polyethylene having 
an intrinsic viscosity of 18.5 and a molecular weight distribution index Mw/Mn of 2.5 and 2 parts by weight of polymer 

25 (D) having an intrinsic viscosity of 28.0 and a molecular weight distribution Mw/Mn of approximately 5.5 was taken, 
and 70% by weight of decahydronaphthalene was added at normal temperature so that said mixture made up 30% by 
weight of the total. At this time, the intrinsic viscosity [r|]M of the polymer mixture was 18.8. A decalin dispersion of this 
mixed polymer was supplied to a twin-screw mixer/extruder and dissolved and extruded at 200°C and 100 rpm. It 
should be noted that antioxidant was not used at that time . 

30 [0044] Solution prepared in this way was extruded using a spinneret provided with 48 holes of orifice 0.6 mm in 
diameter such that the output from each hole was 1.2 g/min, then part of the solvent was immediately removed using 
inert gas adjusted to room temperature, and the sample was taken off at a rate of 90 m/min. Immediately after having 
been taken off, the polymer content of the gel-like fibres was 55% by weight. This yam that had been taken off was 
immediately drawn 4-fold in a 120°C oven, then wound once, then further drawn 4.5-fold in an oven adjusted to 149°C, 

35 to yield high-strength fibres. The various physical properties, including the dynamic viscoelasticity, of the resulting 
fibres are shown in Table 1. 

Working Example 2 

40 [0045] Spun yarn was obtained by the same operations as in Working Example 1, except that polymer having an 
intrinsic viscosity of 12.0 was used as the main component polymer. At this time, the intrinsic viscosity [r|]M of the 
polymer mixture was 10.6. Drawing was much smoother than in Working Example 1 , but the strength of the resulting 
fibres was slightly lower. 

45 Working Example 3 

[0046] The proportion of the main component polymer of Working Example 1 and the added polymer was adjusted 
to 90 parts by weight: 1 0 parts by weight, then spun yarn was obtained by the same operations. At this time, the intrinsic 
viscosity [q]M of the polymer mixture was 19.5. The second drawing was slightly awkward and the draw ratio had to 
50 be dropped to 4-fold, and as a result the strength and elasticity modulus and the like were lower, although it was 
possible to obtain fibres having physical properties which were satisfactory overall. 

Working Example 4 

55 [0047] An experiment was performed which involved obtaining spun yam by the same operations as in Working 
Example 1, except that when the polymer was dissolved, antioxidant (trade name Yoshinox BHT, manufactured by 
Yoshitomi) was added at 1 wt% with respect to the total amount of blend polymer. The spinning speed was increased 
to an upper limit of 30 m/min, and thereafter relatively stable drawing was possible. The properties of the resulting 
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fibres were compared with those achieved in Working Example 1 , and although the elasticity in particular was lower, 
overall satisfactory results were obtained. 

Working Example 5 

[0048] Fibres were obtained by the same operations as in Working Example 1 , except that polymer having an intrinsic 
viscosity of 18.2 obtained by copolymerizing 1-octene at 0.1 mol% with respect to ethylene was used as the main 
component polymer. It should be noted that the intrinsic viscosity of the mixture was 18.5. the elasticity of the fibres 
tended to be slightly lower than those obtained in Working Example 1 , although when it came to spinning, the spinnability 
and the workability on extension and the like were superior. The dynamic viscoelasticity was also excellent. 

Comparative Example 1 

[0049] Only the main component polymer of Working Example 1 was used, and no high molecular weight material 
was added. Spinning resulted in immediate serious yarn breakage and it was impossible to pick up satisfactory fibres. 

Comparative Example 2 

[0050] 0.2% by weight of main component polymer (A) used in Working Example 1 were taken, antioxidant (trade 
name Yoshinox BHT, manufactured by Yoshitomi) was added to 1 wt% with respect to the polymer, and these were 
dissolved uniformly in decalin, then casting was performed on a flat surface glass plate which was then left naturally 
overnight, then the solvent was completely evaporated off by leaving the system in a vacuum at 80°C over 2 nights, 
to yield an approximately 15 micron thick cast film. This was drawn 4-fold at 50°C, 3-fold at 120°C and then 2-fold at 
140°C to a total of 240-fold at a distortion speed of approximately 10 mm/min using a tension tester with provision for 
high temperatures, to yield a highly oriented film. The strength of the resulting film, calculated as (g/d) is shown in 
Table 1. The dynamic viscoelasticity of the film was measured by measuring according to the measurement method 
for fibres corresponding to the dimensions and thickness of the sample, then performing final correction to the actual 
thickness. The properties of the resulting film were such that it had sufficient high strength and high elasticity modulus. 
Specifically, the elasticity modulus was particularly excellent, as seen from the high draw rate. As for its dynamic 
viscoelasticity, although the y dispersion value was low, its peak temperature shifted to an extremely high temperature 
and it was impossible to achieve the desired physical properties. 

Comparative Example 3 

[0051] Drawn yarn was obtained by the same operations except that polymer having an intrinsic viscosity of 18.8 
and a molecular weight distribution index Mw/Mn of 8.5 was used instead of the main component polymer used in 
Working Example 1 . It should be noted that the average intrinsic viscosity of the blend was 1 8.9. the yam extendability 
was less than that achieved in Working Example 1 and it was necessary to decrease the draw ratio slightly, and so the 
strength was lower. As for the dynamic viscoelasticity, the y dispersion loss modulus peak value temperature was good, 
at -116°C, although the loss tangent was a high value, at 0.040. 

Industrial uses 

[0052] It is possible to provide high-strength polyethylene fibres which can be used in a wide range of fields, as 
various ropes, fishing lines, netting and sheeting for engineering, construction and the like, cloth and nonwoven cloth 
for chemical filters and separators, sportswear and protective clothing such as bulletproof vests, or as reinforcing 
material for composites for sport, impact-resistant composites and helmets, and particularly as various industrial ma- 
terials used at from extremely low temperatures to room temperature; where the properties of the fibres change very 
little with temperature variation and where said high-strength polyethylene fibres have excellent mechanical properties 
at normal temperature. It is also possible to provide a method for producing these high-strength polyethylene fibres 
with sufficiently quickly speed industrially. 
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Claims 

1. High-strength polyethylene fibres characterized in that they are polyethylene fibres comprising mainly ethylene 
component having an intrinsic viscosity ft], when fibrous, of no less than 5, and have a strength of no less than 
20 g/d and an elasticity modulus of no less than 500 g/d, and, in the measurement of the temperature variance of 
the dynamic viscoelasticity of the fibres, the y dispersion loss modulus peak temperature is no greater than -110°C 
and the loss tangent (tan 5) is no greater than 0.03. 

2. High-strength polyethylene fibres according to Claim 1 , characterized in that, in the measurement of the temper- 
ature variance of the dynamic viscoelasticity of the fibres, the y dispersion loss modulus peak temperature is no 
greater than -115°C. 

3. High-strength polyethylene fibres according to Claim 1 , characterized in that, in the measurement of the temper- 
ature variance of the dynamic viscoelasticity of the fibres, the y dispersion loss tangent (tan 5) is no greater than 
0.02. 

4. High-strength polyethylene fibres according to Claim 1 , characterized in that, in the measurement of the temper- 
ature variance of the dynamic viscoelasticity of the fibres, the crystalline a dispersion loss modulus peak temper- 
ature is no less than 100°C. 

5. High-strength polyethylene fibres according to Claim 1 , characterized in that, in the measurement of the temper- 
ature variance of the dynamic viscoelasticity of the fibres, the crystalline <x dispersion loss modulus peak temper- 
ature is no less than 105°C. 

6. High-strength polyethylene fibres according to Claim 1 , characterized in that they have a strength of no less than 
25 g/d and an elasticity modulus of no less than 800 g/d. 

7. High-strength polyethylene fibres according to Claim 1 , characterized in that they have a strength of no less than 
35 g/d and an elasticity modulus of no less than 1200 g/d. 

8. Method for producing high-strength polyethylene fibres, characterized in that a polymerization mixture comprising 
from 99 to 50 parts by weight of (A) and from 1 to 50 parts by weight of (B), where (A) is high molecular weight 
polymer comprising mainly ethylene component and having a weight average molecular weight to number average 
molecular weight ratio (Mw/Mn) of no greater than 4 and an intrinsic viscosity ft] of no less than 5, and (B) is an 
ultrahigh molecular weight polymer having an intrinsic viscosity at least 1.2 times that of high molecular weight 
polymer (A), is dissolved in solvent to a concentration of from 5% by weight to 80% by weight, then spun and drawn. 

9. Method for producing high-strength polyethylene fibres according to Claim 8, characterized in that the high mo- 
lecular weight polymer (A) is a polyethylene polymer comprising mainly ethylene component having a weight av- 
erage molecular weight to number average molecular weight ratio (Mw/Mn) of no greater than 2.5 and an intrinsic 
viscosity ft] of from 10 to 40. 

10. Method for producing high-strength polyethylene fibres according to Claim 8, characterized in that the average 
intrinsic viscosity ft]M of the^ polymerization mixture is no less than 10 and the intrinsic viscosity ft]F of the resulting 
fibres satisfies the formula below 



0.6 X [ti]M < [ti]F < 0.9 X [t|]M 

11. Method for producing high-strength polyethylene fibres according to Claim 8, characterized in that the intrinsic 
viscosity ft] F of the resulting fibres satisfies the formula below 

0.7 X [ti]M < [<n.]F < 0.9 X [t!]M 



10 



EP 1 193 335 A1 




INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP99/02766 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 6 D01F6/46 



According to International Patent Classification (IPC) or to both national class ification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
int. CI 6 D01F6/46 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Kbho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1995 Jitsuyo Shinan Toroku Koho 1996-1999 

Electronic data base consulted (during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 1-156508, A (Toray Industries, Inc .) , 
20 June, 1989 (20. 06. 89) (Family: none) 

JP r 1-162819, A (Toray Industries , Inc .) , 
27 June, 1989 (27. 06. 89) (Family: none) 

JP, 7-166414, A (Toyobo Co., Ltd.), 
27 June, 1995 (27. 06. 95) 
& US, 5443904, A 



1-7 
8-11 
1-11 



| | Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
K E" earlier document but published on or after the international filing date 
" V document which may throw doubts on priority clai m(s) or which is 

cited to establish ihe publication date of another citation or other 

special reason (as specified) 
" O" document referring to an oral disclosure, use, exhibition or other 



" P" document published prior to the interna clonal filing date but later tha n 
the priority dale claimed 



" T later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
" X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
" Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such doct 

being obvious to a person skilled in the art 
' &* document member of the same patent family 



Date of the actual completion of the international search 
24 August, 1999 (24. 08. 99) 


Date of mailing of the international search report 

7 September, 1999 (07. 09. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



11 



